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LEGAL NOTICE

This report was prepared by Radian Corporation for Southern Company
Services, Inc. pursuant to a cooperative agreement partially funded by the U.S.
Department of Energy and neither Southern Company Services, Inc., nor any of its
subcontractors, nor the U.S. Department of Energy, nor any person acting on behalf of

either:

1. Makes any warranty or representation, express or implied with
respect to the accuracy, completeness, or usefulness of the
information contained in this report or that any process disclosed in
this report does not infringe upon privately-owned rights; or

2. Assumes any liabilities with respect to the use of or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the U.S. Department of Energy.
The views and opinions of authors expressed herein do not necessarily state or reflect

those of the U.S. Department of Energy.
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EXECUTIVE SUMMARY

This report summarizes the results obtained during Environmental
Monitoring Program (EMP) activities conducted during the second testing phase of an
Innovative Clean Coal Technology (ICCT) demonstration of advanced wall-fired
combustion techniques for the reduction of nitrogen oxide (NO,) emissions from
coal-fired boilers. This second phase demonstrates the Advanced Overfire Air (AOFA)
retrofit with existing Foster-Wheeler (FWEC) burners. The project is being conducted at

Georgia Power Company’s Plant Hammond Unit 4 located near Rome, Georgia.

The primary goal of this project is to characterize the effectiveness of low
NO, combustion equipment through the collection and analysis of long-term emissions
data supported by short-term characterization data. During each test phase, diagnostic,
performance, long-term, and verification tests are performed. The advanced combustion
techniques used in this demonstration project are being tested using the following phased

approach:

Phase 1: Baseline testing on the "as found" Unit 4 boiler;
Phase 2: AOFA installation and testing;
Phase 3a: Low NO, burner (LNB) installation and testing;

Phase 3b: LNB plus AOFA testing.

EMP activities consist of sampling and analysis activities performed during
each phase’s testing periods, together with compliance monitoring performed on gaseous
and aqueous streams. Energy Technology Consultants, Inc. (ETEC) is responsible for
the preparation of interim test reports on each project phase, as well as a comprehensive
test report to be prepared at the end of the project. Radian Corporation is responsible

to Southern Company Services, Inc. (SCS) for the preparation of the EMP reports.



During Phase 2, a total of 82 diagnostic, 9 performance and 15 verification
tests were performed. Ninety-two days of long-term testing were conducted. All of the
sampling and analytical methods used were specified and approved in the Environmental

Monitoring Plan that was prepared for this project.

EMP monitoring conducted during Phase 2 testing periods showed the

following:

. AOFA operation resulted in lower NO, emissions from Unit 4,
compared to the baseline testing conducted under Phase 1. Based
on the analysis of the long-term test data, a reduction in NO,
emissions of about 249 was obtained while operating at high loads.
The reduction decreased to about 12% when operating at a load of
300 MWe.

o AQOFA operation resulted in increased levels of LOI and carbon,
indicative of a small decrease in overall coal utilization, compared
to baseline operation. The observed impact was smallest for the
bottomn ash, while the loss on ignition (LOI) and carbon content of
the fly ash increased by nearly a factor of two compared to baseline.
The LOI appeared to consist primarily of unburned carbon.

. Carbon monoxide emissions also increased relative to baseline until
the excess oxygen levels were raised. During long-term testing,
lower carbon monoxide emission rates were lower than those
observed than during baseline testing.

. Generally low levels of total hydrocarbon (THC) emissions were
found during Phase 2 long-term testing (0.0005 to 0.002 1b/MMBtu).

. Sulfur dioxide emissions during both Phases 1 and 2 were
comparable. No trends were observed between SO, emission rates
and operating conditions. Although SO, emissions will vary with
coal suifur content, the large amount of data scatter and the small
variation in coal sulfur content made it impossible to verify the
existence of a relationship.



Relative to Phase 1 baseline testing, AOFA operation did not
appear to have any impact on either the ratio of SO; to SO,
concentrations or on the resistivity of the fly ash entering the ESP.
Based on these results, ESP efficiency during AOFA operation
should be similar to baseline operation.

Aqueous stream monitoring showed no exceedances of permit limits

for any of the monitored parameters during the Phase 2 testing
period.
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1.0 INTRODUCTION

As an Innovative Clean Coal Technology demonstration, this project,
entitled "500 MWe Demonstration of Advanced, Wall-Fired Combustion Techniques for
the Reduction of Nitrogen Oxide (NO,) Emissions from Coal-Fired Boilers," is required
to develop and implement an approved Environmental Monitoring Plan (EMP). The
EMP for this project was prepared by Radian Corporation for Southern Company
Services, Inc. {SCS) and submitted to DOE on September 14, 1990 !, The EMP
includes supplemcntai and compliance monitoring of a number of gaseous, aqueous, and

solid streams.

This report presents the results of EMP activities conducted during Phase 2
(Advanced Overfire Air Retrofit) of the project.

i1 Project Description

Southern Company Services signed a Cooperative Agreement for this ICCT
Round II project on December 20, 1989. The project is investigating a number of
retrofit NO, reduction techniques on Unit 4 at Georgia Power Company’s Plant
Hammond, near Rome, Georgia. Emissions and performance are being characterized

for this wall-fired boiler while operating in the following configurations:

. Baseline ("as-found") configuration - Phase 1;
. Advanced Overfire Air (AOFA) retrofit - Phase 2;
) Low NO, burner (LNB) retrofit - Phase 3a; and

. Combined AOFA and LNB configuration - Phase 3b.

'Some changes in the EMP are currently under consideration by DOE.
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The major objectives of the project are to:

. Demonstrate (in a logical stepwise fashion) the performance of
three combustion NO, control technologies (i.e.,, AOFA, LNB, and
AQFA plus LNB);

. Determine the short-term NO, emission trends for each of the
operating configurations;

. Determine the dynamic long-term NO, emission characteristics for
each of the operating configurations using advanced statistical
techniques;

. Evaluate progressive cost-effectiveness (i.e., dollars per ton of NO,

removed) of the low NO, technologies tested; and

. Determine the effects on other combustion parameters (e.g., CO
production, carbon carry-over, particulate characteristics) of applying
the low NO, combustion technologies.

Each of the four project phases involve three distinct testing periods:
short-term characterization, long-term characterization, and short-term verification. The
short-term characterization testing establishes trends of NO, emissions, as related to
various operating parameters and establishes the influence of the operating mode on
other combustion parameters. The long-term characterization testing, which takes place
over 50-80 days (or more) of continuous testing, establishes the dynamic response of NO,
emissions while the unit is operated under normal system dispatch conditions. The
short-term verification testing is conducted to determine if any fundamental changes in

NO, emission characteristics occurred during the long-term test period.

EMP activities consist of sampling and analysis activities performed during
each phase’s testing periods, together with compliance monitoring performed on gaseous
and aqueous streams. Energy Technology Consuitants, Inc. (ETEC) prepares Phase
Reports containing all of the results obtained in fulfillment of the project’s objectives as
outlined above. The reader is referred to the report entitied "Innovative Clean Coal
Technology (ICCT) 500 MW Demonstration of Advanced Wall-Fired Combustion

1-2



Techniques for the Reduction of Nitrogen Oxide (NO,) Emissions from Coal-Fired
Boilers; Phase 2 - Overfire Air Tests," by Lowell S. Smith and Matthew P. Cooper of
ETEC, which was cleared for publication by DOE Patent Counsel on July 13, 1992,
Radian has prepared this EMP Phase 2 Report that presents the data obtained in

fulfillment of the monitoring requirements outlined in the EMP.

1.2 Project Organization

The project organization is shown in Figure 1-1. The Project Manager is
provided by SCS, and has overall responsibility for project execution. ETEC has
responsibility for both the on-site testing and the analysis of data for all project phases.
Spectrum Systems, Inc. provides a full-time, on-site instrument technician who is
responsible for operation and maintenance of the data acquisition system (DAS), which
is housed within the instrument control room. Southern Research Institute (SoRI) is
responsible for testing related to the flue gas particulate measurements during the
performance testing portion of the short-term characterization tests. Flame Refractories,
Inc. (Flame) is responsible for activities related to fuei/air input parameters and furnace
output temperature measurements during the performance testing portion of the short-
term characterization tests. W. S. Pitts, Inc. (WSPC) is responsible for analysis of the
emission and performance data for the long-term characterization tests. Radian
Corporation is responsible to SCS for EMP activities, including preparation of the

Environmental Monitoring Plan, and associated quarterly, annual, and phase reports.
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1.3 ammond Unit 4 Description

Four generating units, with a total capacity of 800 MW, operate at
Plant Hammond. Units 1 through 3 are 100 MW wall-fired boilers. Unit 4, a Foster
Wheeler opposed wall-fired boiler rated at 500 MW, is the site of the ICCT combustion
modification project. Six mills provide pulverized eastern bituminous coal 1o 24
Intervane burners arranged in a matrix of 12 (three rows of four burners) on the front

and rear walls. Each mill provides coal to four burners.

Unit 4 is a balanced draft unit with two forced draft and three induced
draft fans. Particulate emissions are controlied by a cold side ESP. The flue gases exit
the economizer through two Ljungstrom air preheaters, pass through the cold side ESP,
then through the induced draft fans and finally out to the stack. All four units at
Plant Hammond exhaust to a single 750 foot high stack. The exhaust gas streams from
Units 1-3 are combined and discharged through a single liner, while Unit 4 exhausts

through a separate liner.

Wastewater from low-volume waste streams, coal pile runoff, and the ash
sluice system flows into three on-site ash ponds, from which blowdown is discharged,
along with once-through cooling water, to the Coosa River. Solid waste, in the form of

bottom ash and fly ash, is sluiced to the ash pond system.

Figure 1-2 is a simplified schematic flow diagram of Unit 4 showing the
major coal, air, and flue gas streams, as well as the locations of the EMP sampling

points.

For Phase 2, an advanced overfire air system was retrofitted to the unit,
consisting of ducts, dampers, various instrumentation and controls, and OFA ports above
the top burner rows on both the front and rear furnace walls. The overfire air is

extracted from the two main secondary air ducts between the air flow venturis and the
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entrances to the combustion air windbox. Figure 1-3 shows the major components of the
AOFA retrofit.

1.4

of the EMP.

Report Organization

The remainder of this report is organized as follows:

. Section 2 discusses the EMP monitoring planned for each of the test
periods during Phase 2;

J Section 3 briefly summarizes the sampling and analytical methods;

. Section 4 presents and discusses the gas stream monitoring results;

. Section 5 presents and discusses the aqueous stream monitoring
results;

. Section 6 presents and discusses the solid stream monitoring results;

. Section 7 discusses EMP-related quality assurance/quality control

activities performed during Phase 2;

. Section 8 provides a summary of reports that were prepared of
compliance monitoring activities; and

. Section 9 presents conclusions based on the EMP monitoring results.

Appendix A contains data tables for each of the streams monitored as part
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Figure 1.3. AOFA Retrofit Configuration (Source: ETEC Phase 2 Report)



2.0 PHASE 2 EMP MONITORING

Phase 2 consisted of three test elements: short-term characterization, long-

term characterization, and short-term verification tests.

Short-term characterization tests are performed to establish the trends of
Nox emissions under the most commonly used boiler operating conditions. The short-
term testing is in turn divided into two elements: diagnostic tests and performance tests.
Diagnostic tests are used to establish gaseous emission trends, and last from one to three
hours at each set of operating conditions. Performance testing is used to establish boiler
efficiency and steaming capability as well as gaseous and particulate emissions and mill
performance. Each performance test lasts from 10 to 12 hours. All of the short-term
characterization tests are conducted with the unit in a fixed configuration while it is off
system load dispatch, to ensure steady boiler operation. The primary operating
parameters that were varied during these tests included boiler load, excess oxygen, mill
pattern, mill bias, and AOFA damper position. The emphasis of the EMP is on the
gaseous and particulate emissions data obtained during these tests, as well as the coal
feed characteristics. During Phase 2, a total of 82 diagnostic tests and 9 performance

tests were conducted.

Long-term testing is conducted under normal system load dispatch control.
At all load levels above 280 Mwe, the AOFA dampers were set in the 50% open
position. Between 180 Mwe and 280 Mwe the dampers were maintained at 20% open;
they were shut off below 180 Mwe. Long-term testing provides emission and operational
results that are subsequently subjected to sophisticated statistical analysis to obtain a true
representation of the emissions from the unit. Data are recorded continuously over the

entire long-term testing period, which lasted 92 days during Phase 2.

Following the long-term testing period, verification testing is conducted to

determine whether changes in unit condition and coal feed have occurred that might
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have an impact on the interpretation of the long-term test data. Verification tests are
conducted in a manner similar to the diagnostic tests; four or five basic test
configurations are tested during this short effort. A total of 15 verification tests were

conducted during Phase 2.

Table 2-1 is a summary of the tests performed during Phase 2. For each
series of tests, the table shows the dates, number of tests, and the total days of testing.
This information was used to determine the total number of planned samples for each

parameter during each series of tests,

Tables 2-2, 2.3, and 2-4 present the EMP integrated monitoring schedules

for gaseous, aqueous, and solid streams, respectively, for Phase 2.
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Table 2-1

Phase 2 (AOFA) Test Summary

NA = Not applicable.

Number of Number
Test Series Dates Tests of Days
Diagnostic 5/23/90 - 6/29/90 and 82 19
8/14/90 - 8/16/90
Performance 7/10/90 - 7/18/90 9 9
Long-Term 10/16/90 - 2/22/91 and NA 92
Characterization 3/1/91 - 3/8/91
Verification 2/22/91 - 2/28/91 15 6




Table 2-2

Gaseous Streams: Integrated EMP Monitoring Schedule
Plant Hammond

L N
Stack Gas
Economizer Prebeater A - -
Onutlet Gas Outlet Gas KVB CEM Opacity Moaitor Other
Parameter Div? P L D/Y P L DIV P L DIV P L DY P L
Opacity C[e]**
50, a a C
CO a b a b a a C
NO, a b a b a a C
G, a b a b a a C
THC a a C
50, /SO, 4/T
Particulate Matter:
Loading 3/T Ale]
Size Distribution 3T
Carbon Content, % d
Loss-on-Ignition d
Resistivity yT
o e — — — —

Notes:

1. Monitoring phase tlemenis:
D = Diagnostic tests
P = Performance tests
L = Long-term tests
V = Verification tests

2. Monitoring frequency:
a = At least 2 averages per test

b = Af least 10 averages per test
d = Composite of solids from mass lcading measurement
n/T = Sampled a minimum of n times per test
C = Continuous
A = Annual
le} =

Compliance parameter

3. The KVB CEM is configured so that flue gas samples can be drawn from the economizer outlet, air heater outlet, and stack. Except for the stack
probe, &ll lines pass through individual flow control valves and bubblers.

4, Opacity is measured in the stack using a dedicated monitor.
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Table 2-3

Aqueous Streams: Integrated Monitoring Schedule

Ash Pond

Notes:

1. Ash pond emergency overflow is sampied only during discharge.

2. Monitoring frequency:
2/M =

[e] =

Twice per month.

Compliance monitoring.

Ash Pond Ash Transport
Parameter Emergency Overflow' Water Blowdown Final Discharge
Total Suspended Solids 2/M [c]? 2/M [c]
pH 2/M [¢] 2/M [q]
Qil and Grease 2/M [c] 2/M [c]



Jopwesed sowijdwo) = [a]
¥oam Jad sopdwres w jo wnwnmy = At
Aep 13d sajdwes u jo mnwwyy = rq/u

153) Jod sowm w Jo wnwun & podutey = jou
"SesBld 153) uononpas QN ayi Jo auo Zuunp 20uc pue (] aseyq) aujaseg Juunp 20uo pajdwes "
:Kousnbaiy Suuoypwopy

L

S1S3) BONRIYLIIA

=A
§159) W2)-3uo| =

$I53) SoURILIOIIS d
153} ansoudelq =
:Sjuawwafa aseyd Juuoyuopy
“Ageieredas pazkjewe yoes ‘sapdwres PIS-1Sam pue 1583 Jo 1515U00 sajdwres | [yng)
siaddoy yse sojendiossd wozy paysayjos si yse 4sg

"siaddoy yse wopoq sam pue 3583 woip papsodwios st sydwes yse wonog

siiu 3unesado fje woyy snsodwos e s1 a|dwes [go))

‘'z

:SAJON

1 Apansisay Lojeroqey

L1 B/l uonus}-uo-sso]

B satuediQ s|nejoARUag/eIBIOA

i

AHH pue
(P £49) 0 '12 *S *N *H *D ‘aamsiopy
AL} edie | eyt "Ysy ‘siskjeuy ey pue ey

r

__!»q d Ald

T

d Ald 1 d Ad 1 d ¢ Ald Rpuried

‘_(.,_E Y LI9AD

s YSY A4 as3 z ISy wonog (180D

|

J

puouiwey juejg
Inpayog Sutronuopy pajesdajuy ISURBAIIG pIjOS

P-Z 3qe ],

2-6



3.0 SAMPLING AND ANALYTICAL METHODS

The sampling and analytical methods specified by the Environmental
Monitoring Plan and used during Phase 2 are summarized in Tables 3-1 through 3-3.
The reader should refer to the ETEC Phase Reports for additional details on the

sampling and analytical methods used in this project.

There were no deviations from the sampling and analytical methods
specified in the EMP.

3.1 Gaseous Stream Parameters

The KVB Extractive Continuous Emissions Monitor was used to provide
quantitative analyses for NO,, SO,, CO, O,, and total hydrocarbons. SoRI was
responsible for solid and suifur (S80,, SO, ) emissions testing, which included
measurement of particulate matter loading, size distribution, ash resistivity, carbon

content, and LOIL

32 Aqueous Stream Parameters

The streams and parameters to be monitored and the monitoring schedules
are specified in the Georgia Department of Natural Resources NPDES Permit No.
GA0001457. Georgia Power personnel obtain samples and perform all aqueous
parameter analyses. Results were obtained from Operation Monitoring Reports

submitted by Georgia Power.

33 Solid Stream Parameters

Plant personnel obtained coal, bottom ash, and ESP fly ash samples. The

CEGRIT on-line samplers automatically collected grab samples of fly ash in the furnace
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Table 3-1

Sampling and Analytical Methods Summary: Gaseous Streams

Controlled Condensation

Analytical
Parameter Sampling Method Method/Instrument

Opacity -- Lear Siegler Opacity Monitor
SO, GAS Western Research Ultraviolet
CO GAS Siemens NDIR
NO, GAS TECO Chemiluminescence
o, GAS Thermox O, Electroanalytic

(stack gas) and Yokagawa in-

situ O, probes (economizer

outlet and air preheater outlet)
SO, Cheney-Homolya Titration

Total Hydrocarbons

GAS

Rosemount FID

Particulate Matter:
Loading
Size Distribution
Carbon Content, %
Resistivity

EPA Method 17
Isokinetic
EPA Method 17

In-Situ Probe

GAS = Continuous extractive and in situ gas analysis system.

Gravimetric
Gravimetric

Electrode Cell




Table 3-2

Sampling and Analytical Methods: Aqueous Streams

Analytical
Parameter Sampling Method Method/Instrument

Total Suspended Solids Grab Filtration/Drying/Gravimetric;
EPA 160.2
pH Grab Electrometric;
Std Methods 432
Oil and Grease Grab Freon Extraction/Gravimetric;
N EPA Method 413.1, SM 503A

Table 3-3

Sampling and Analytical Methods: Solids Streams

Parameter Sampling Method Analytical Method

Ultimate Analyses Grab/Composite | Combustion/Gravimetric/Titration;
ASTM D3176

Moisture Content Grab/Composite | Gravimetric; ASTM D3173

Chiorine Grab/Composite | Fusion/IC or Titration; ASTM D2361

Higher Heating Value | Grab/Composite | Combustion; ASTM D2015

Sulfur Grab/Composite | High Temperature Combustion;
ASTM D3177

Ash Grab/Composite | Combustion/Gravimetric;
ASTM D3174

Volatile/Semivolatile | Grab/Composite | Purge-and-Trap or Extraction/GC/MS/

Organics | Analyses; EPA 8240, 8270
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backpass. Coal samples were shipped to Alabama Power’s General Test Laboratory in
Birmingham, where they were subjected to proximate and ultimate analyses. Loss-on-

Ignition (LOI) measurements were performed on bottom ash, ESP fly ash, and CEGRIT
fly ash,
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4.0 GASEOUS STREAM MONITORING RESULTS

This section presents the results of the gaseous stream EMP monitoring
performed during the period covered by Phase 2. These results are also compared to
those obtained during Phase 1 (baseline) monitoring. Three gas streams were monitored

as specified in the EMP: economizer outlet gas, air preheater outlet gas, and stack gas.

Table 4-1 presents the actual and planned Phase 2 gaseous stream
monitoring. As shown in this table, most of the planned EMP monitoring was performed
during Phase 2. In some cases, especially for the economizer outlet gas and stack gas,
more than the planned amount of monitoring was actually conducted. It appears that
monitoring of the preheater outlet gas was not conducted as planned during the
diagnostic and verification test periods. However, the emphasis of the EMP is on the
stack gas data, except for the SO, /SO, and particulate matter monitoring data obtained
from the preheater outlet gas. Sufficient data were obtained from the preheater outlet
gas stream for these parameters, and from the stack gas for the other parameters, from

which to develop analyses and draw conclusions.

Appendix A contains all of the short-term results in tabular form. The

daily averages obtained during long-term testing are also listed.

The following sections present the results of the Phase 2 testing for gaseous
streams, primarily in graphical form. These results are also compared to those from the
Phase 1 baseline testing. The short-term monitoring resuits for the stack gas stream
were selected for presentation since all of the long-term monitoring was also done on the
stack gas. These results are presented in Section 4.1 The SO, /SO, and particulate
matter results for the preheater outlet gas are presented in Secticn 4.2. The long-term
stack gas testing results are presented in Section 4.3. Section 4.4 presents the results of

compliance monitoring conducted during Phase 2.
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4.1 Short-Term Results for the Stack Gas

This section presents the short-term stack gas monitoring results for NO_,
SQ,, total hydrocarbons, and CO.

4.1.1 Nitrogen Oxides Emissions

In Figures 4-1 through 4-4, NO, emission data obtained during all three of
the Phase 2 short-term testing periods are presented as a function of stack gas oxygen
concentration for each of the four nominal operating load levels at which testing was
performed (i.e., 480, 450, 400, and 300 MW). Data are presented from the tests
conducted with the AOFA damper in the 50% open position. As explained in the ETEC
Phase 2 report, the diagnostic tests showed that this position was the "optimum" over the
load range, taking into account both NO, reduction and effects on boiler operation {e.g.,
excess oxygen level impacts on CO concentration and carbon loss). Consistent results
were obtained during diagnostic, performance, and verification tests at each load level.
As expected, the NO, emission rate increased at higher flue gas oxygen levels. Figures
4-1, 4-3, and 4-4 also present graphical comparisons of the Phase 2 results with those
obtained during all of the Phase 1 baseline testing at 480, 400, and 300 MW, respectively.
Compared with the baseline tests, reductions in NO, emissions were obtained at each
load level using AOFA. Although emission trends were investigated during short-term
testing, only the long